In recent preliminary communications (1) experimental data were presented showing that degenerative and proliferative lesions may be produced in the heart valves of the guinea pig by subjecting the animal to the combined influence of scurvy and a localized infection with hemolytic streptococci. Attention was directed to the fundamental similarity of the lesions so produced to those of rheumatic fever. Proliferative reactions were observed in the myocardium and pericardium that lent more support to the analogy. In addition it was briefly pointed out that a more or less prolonged inadequacy of vitamin C in the diet produces functional impairment and anatomic changes in the joints of the experimental animals. When the insult of infection was added to this disability the functional impairment and anatomic changes were accentuated. The lesions in the joints were noted to be of a type consistent with those of rheumatic fever. No physiologic impairment or lesions developed in the joints of animals subjected to the same infection if maintained on a diet with adequate vitamin C supplement. This suggestive experimental evidence naturally led to an analysis of other data which might support the view that scurvy may bear a relation to rheumatic fever. It was pointed out that such a concept would appear to afford an explanation for the epidemiological peculiarities of rheumatic fever. Certain similarities in the symptomatology of latent scurvy and the prerheumatic or early rheumatic state were noted. It was suggested that a condition of latent scurvy may provide the susceptible host and when the factor of infection is added to the scorbutic state, the symptoms and lesions of rheumatic fever develop. A detailed description of the lesions resembling those of rheumatic fever produced in the heart valves and heart muscle by combining infection and scurvy in the guinea pig has been reported (2) . Other lesions notably those in joints produced by combined scurvy and infection likewise bear rather striking resemblance to those of rheumatic fever. It is the purpose of the present communication to consider these pathologic changes. Particular attention is directed to a peculiar degenerative lesion involving collagen which appears to be a fundamental alteration common to both rheumatic fever and scurvy.
Outline of Methods
An outline of the essential facts of method will be reviewed. The basal diet employed was a modification of one that has been used extensively in researches on experimental scurvy in the guinea pig. 1 It is complete in all food factors except vitamin C and, when supplemented with adequate amounts of orange juice, is sufficient for growth and maintenance. The infecting agent was usually a hemolytic streptococcus derived from the suppurative cervical lymphadenitis which occurs spontaneously in the guinea pig. This organism is a favorable one because it is adapted to the guinea pig and will almost uniformly produce a localized subacute infection of the lymph nodes draining the site of inoculation. It rarely causes spontaneous death and the infection remains localized in most instances. Infection was transferred by intracutaneous inoculation of 0.05 to 0.1 cc. of a 24 hour culture of the organism grown on Avery's glucose veal broth. The inoculations were made into the skin at the inner aspect of the thigh. The experiments performed included a study of the pathological effects of acute, subacute, and chronic scurvy alone, of similar degrees of scurvy combined with infection, and, 
Lesions in the Joints
Data available at the present time with respect to changes in joints of guinea pigs maintained under the influence of combined scurvy and infection are perhaps not adequate for final conclusions, but the relatively few observations are so highly suggestive that they are worthy of record.
Joint pain and swelling are well known to be a part of the symptomatology of scurvy. Joint manifestations, chiefly stiffness and partial fixation in the knees, were noted in early experiments in the animals subjected to subacute or chronic scurvy both with and without infection, although systematic observations were not made. In a recent experiment performed particular attention was given to the joint manifestations and pathology. In this series there were seven animals maintained on the basal diet adequately supplemented with orange juice and infected with Streptococcus hemolyticus. Four animals were maintained in a condition of chronic scurvy on a diet severely but not wholly deficient in vitamin C. Nine animals were maintained on the same vitamin C-deficient diet and subjected to infection with Streptococcus hemolyticus) The animals were maintained on the 2 4 to 6 cc. daffy has been considered an adequate supplement for animals weighing from 300 to 450 gin. The acutely scorbutic animals were deprived entirely of vitamin C. Animals with subacute and chronic scurvy received small but inadequate vitamin C supplements to the diet. Those with chronic scurvy were maintained for longer periods of time than the subacute groups.
The exact dietary rCgime and experimental procedure in the chronic scurvy animals in this series can be seen from the following protocol. The animal is one in which infection was superimposed upon the scurvy.
Animal 152. Weight 408 gin. Placed on basal diet beginning Jan. 19, 1933 . Maintained for 67 days with a total of 24 cc. of orange juice supplement (6 cc. first 13 days, none the next 19 days, an average of 1 cc. daffy for 11 days, none the next 7 days, and total of 7 ce. during the last 25 days). Inoculated 0.1 cc. broth culture beta streptococcus into skin of left thigh on Feb. 10, 1933 10, . Feb. 19, 1933 Observations were made on the joints in the entire series 9 days after the transfer of infection.
Of the seven animals subjected to infection but maintained with an adequate vitamin C supplement to the diet no involvement of the joints was observable.
(Two animals showed partial fixation of the left knee not due to intrinsic joint pathology but to tumefaction of the regionally infected lymph nodes.)
Of the four animals of the chronic scurvy group, non-infected, two showed stiffness and partial fixation of the knees (see Fig. 1 ). Of the eight surviving animals subjected to chronic scurvy and infection all showed some fixation of the left knee (on the side of inoculation). Three, in addition, showed well defined swelling o1 both knees as illustrated in Fig. 2 .
In one instance the swelling was due to a suppurative arthritis; in the others not.
I t is believed that these observations, although including but a relatively small number of animals, show not only a definite arthropathy in scorbutic animals b u t a tendency for a more manifest arthropa t h y in the scorbutic animals subjected to infection. Further experiments are in progress to extend these observations. I t would appear probable t h a t other infecting agents than the streptococcus used might produce similar effects. 4 nodule over bony prominence of knee. Microscopic examination shows definite interstitial proliferation in mitral valve. The subcutaneous nodule shows bands of fibrinoid degeneration and endothelial proliferation resembling the lesion of rheumatic fever. Joints show fibrinoid degeneration in synovia and periarticular tissues. Similar degeneration in connective tissues about costochondral junctures. Much hemosiderin in the spleen. Hemosiderin and erythrophagocytosis in cervical lymph nodes.
4 A series of animals under observation at the present time would appear of interest in this connection. In the group there are twelve animals that have been maintained on a chronic scurvy-producing diet for 33 days. The animals have received 1 cc. of orange juice three times weekly. Six of the animals were subjected to infection by inoculation into the skin of the neck 27 days after the onset. Observation of the entire group was made on the 33rd day. Of the chronic scurvy group, without infection, all showed some stiffness and slight thickening of one or both knees. One animal only showed a mild swelling of one knee. Of the chronic scurvy group that were infected four showed in addition to the stiffness and thickening a moderate swelling of one or both knees, and one animal exhibited a mild swelling. Only one animal showed the simple stiffness and thickening of the noninfected group. Judged by the local reaction at the site of inoculation the infection Histologic observations include a somewhat larger series of animals. One or more joints were examined microscopically in 29 animals as follows: Acute scurvy 3, subacute or chronic scurvy 4, acute scurvy plus infection 1, chronic scurvy plus infection 7, infection followed by subacute scurvy 4, control (adequate) dietary without infection 3, and control (adequate) dietary with infection 7.
Histologic observations were made on the joint cavity, the synovia, and the capsular and periarticular tissues. One observation of considerable significance is that the animals infected but maintained on a diet with adequate vitamin C supplement show no physiological impairment or gross or microscopic lesions in the joints. Fig. 3 shows a normal knee joint in such an animal. Note the clear joint space and simple synovial lining.
In acute scurvy the changes observed in the joints were minimal, A little hyaline fibrinous material was seen in the joint space adherent to the synovia which showed no or only very slight proliferation. A mild degree of hemorrhage was seen in the joint capsule in one instance. The single animal subjected to acute scurvy and infection showed essentially the same picture.
In chronic scurvy more definite and severe lesions were seen, in agreement with the greater functional impairment observed. Considerable amounts of a hyaline fibrinous material were seen in the joint spaces usually adherent to or replacing the synovia. In a few instances a slight proliferation of the synovial tissue was observed. In the subsynovial, capsular, and periarticular tissues, streaks and masses of a peculiar, brilliant eosinophilic hyaline material were frequently encountered. Areas of hemorrhage were also present.
There did not appear to be any fundamental difference in the character of the joint lesions in the animals subjected to chronic scurvy alone and those subjected to both scurvy and infection except that the lesions in the latter group were in general more pronounced.
in this group of animals was quite mild. Because of the unusually mild local reaction, cultures were made from the neck glands and tissues of several animals. An organism which gave a greyish white semitranslucent colony and produced hemolysis on blood agar was isolated in most instances. This organism was identified as a staphylococcus by fermentation reactions. The usual hemolytic streptococcus was not present.
Fibrinous hyaline material was invariably present in the joint spaces and the synovial proliferative reactions were more striking than in animals subjected to scurvy alone. Foci of hyaline eosinophilic material were regularly seen in the subsynovial, capsular, or periarticular tissues. Fig. 4 shows a characteristic picture of the knee joint in an animal subjected to the combined insult of chronic scurvy and infection. Dark tongue-like masses, attached to and extending from the synovia may be seen in the joint recesses. In sections stained with hematoxylin and eosin this dark material takes a brilliant eosinophilic stain resembling fibrin. The regional synovial lining is mildly hyperplastic and there is some fibroblastic extension into the hyaline material. (Contrast with normal knee joint of animal subjected to infection but maintained on an adequate diet shown in Fig. 3 .) Fig. 5 illustrates a portion of the knee joint beneath the patellar tendon in another animal subjected to subacute scurvy and infection. The hyaline material extending into the joint space, the synovial proliferation, and the hyperplastic connective tissue reaction above and below the patella tendon are well shown. A portion of the same lesion is illustrated in greater detail in Fig. 12 , b. Here the eosinophilic fibrinoid material may be seen extending into the subsynovial tissue. 
Similarity of the Joint Pathology to That of Rheumatic Fever
Detailed observations on the joints in acute rheumatic fever are not abundant. Fahr (3) described in acute rheumatic fever a proliferation of the synovla with the lumen side bordered by a fibrinoid necrotic material and a rheumatic nodule in a tendon in the region of the knee joint showing a fibrinous hyaline material lying between the fixed elements. The full significance of the peculiar pathologic changes present in the joints of the experimental animals subjected to chronic scurvy and infection was not appreciated until the careful observations of Klinge (4, 5) and Klinge and Grzimek (6) were studied. Klinge (4) in a detailed account of the pathologic findings in a case of rheumatic fever recorded changes in the joints typified by hyperplasia of the synovial epithelium which was layered and interrupted by nodes and streaks of fibrinoid necrosis. The connective tissue was edematous and stippled with leukocytes. The subsynovial and capsular connective tissues contained loci of fibrinoid degeneration. In subsequent studies Klinge and Grzimek (6) and Klinge (5) extended and amplified the observations on joints in rheumatic fever. The lesions in rheumatic arthritis were characterized by fibrinoid degeneration and granulomatous reactions in the capsular and periarticular tissues, some hyperplasia of the synovia with fibrinoid degeneration 5 All illustrations of joints except Fig. 3 are from animals subjected to subacute or chronic scurvy combined with infection.
in the synovial and subsynovial tissues and the presence of hyaline fibrinous material free in the joint space. The intimate intermingling of the fibrinoid material with the synovia and extension into the subsynovial tissue were considered characteristic of rheumatic arthritis. We have been greatly impressed by the essential similarity of the experimental lesions and the lesions of rheumatic arthritis described and illustrated by Klinge. s Klinge and Grzimek (6) hold that although acute or subacute rheumatic fever and chronic infectious or rheumatoid arthritis may usually be differentiated, both disease pictures are so intimately related in joint and general pathology that a rheumatic basis may be assigned to both.
Subcutaneous Nodules
Subcutaneous nodules were not looked for in routine postmortem examination of animals, yet one was encountered overlying the head of the fibula in an animal subjected to chronic scurvy and infection.
The nodule measured about 2 ram. in diameter. Histologically it is characterized by an intermingling of strands and masses of a brilliant eosinophilic substance, fibroblasts, and delicate endothelial channels. Fig. 9 shows the general architecture of the lesion. The drawing, Fig. 12 , c, shows the peculiar hyaline degeneration accompanying the proliferative reaction.
Swift (7) in describing a subcutaneous nodule in rheumatic fever states, "In close apposition to areas of cellular proliferation there is tissue destruction varying in size from submiliary areas to long strands of hyaline necrosis affecting connective tissue fibres; combined with the necrosis are deposits of fibrin." Klinge (5) considers the subcutaneous rheumatic nodules essentially similar to the smaller areas of fibrinoid degeneration and granulomatous reactions encountered in the periarticular tissues; the subcutaneous nodules are only exaggerated lesions of the same sort. As has been previously noted, such lesions are characteristic findings in the periarticular tissues of the experimental animals and have been noted with considerable frequency in the tissues surrounding the costochondral junctures (Fig. 10) .
Miscellaneous Pathological Lesions
Certain miscellaneous lesions which appear to have a common occurrence in rheumatic fever and in scurvy combined with infection, will be briefly mentioned. 
SCURVY WITH INFECTION, AND RHEUMATIC )'EVER
Miscellaneous lesions commonly observed in rheumatic fever are skeletal muscular degeneration, loci of necrosis in the liver, hyaline degeneration of the follicle reticulum in the spleen, erythrophagocytosis in the lymph nodes, and focal accumulations of lymphocytes in the cortex of the kidney (5) .
Comparable lesions were observed with considerable frequency in the experimental animals. Degeneration of the skeletal muscle is so frequent in the scorbutic animal as to be considered a/most characteristic. This has been clearly shown by the work of H~jer (8), Meyer and McCormick (9) , Dalldorf (10) , and others. In our own animals degenerative changes in the skeletal muscle particularly in the intercostal muscles has been repeatedly observed in chronic scurvy and chronic scurvy combined with infection. Such a lesion, showing also a focus of fibrinoid degeneration and hyperplastic connective tissue is illustrated in Fig. 10 . Focal necrosis in the liver has been another not infrequent observation in animals subjected to scurvy or to scurvy and infection. Hyaline thickening of the reticulum at the periphery of the lymph follicles of the spleen was commonly seen in the experimental animals subjected to scurvy and infection, particularly in a group which were maintained, after experimental infection (beta streptococcus), for a period of about 40 days on a diet severely deficient in vitamin C. Eythrophagocytosis in the lymph nodes was noted to be a characteristic finding in the animals subjected to combined scurvy and infection. Fig. I1 illustrates such a node. Although focal collections of lymphocytes are not uncommonly present in the cortex of the kidney of normal guinea pigs, in early experiments in which animals were maintained on a diet entirely without vitamin C and subjected to infection, we were impressed by the size and frequency of such reactions.
It would appear to be probably more than coincidence that this array of miscellaneous pathologic findings should have a common occurrence both in rheumatic fever and in scurvy or, more particularly, in scurvy combined with infection.
The Problem of Hemorrhage
Hemorrhage plays such a prominent part in outspoken scurvy that it is usually considered as a hemorrhagic disease. In the experimental animals studied, hemorrhagic manifestations were frequently noted. However, in the more chronic states although hemorrhages were usually present, the degree of hemorrhage was frequently not striking. The bladder and adrenal, and to a lesser extent, the periarticular tissues were frequent sites of gross or microscopic bleeding.
Hemorrhagic manifestations are not uncommon in rheumatic fever. Purpuric skin lesions have been recorded, and bleeding from the nose is of relatively frequent occurrence. Poynton and Paine (11) have described blood-stained synovial fluid and a swollen hyperemic synovlal membrane in acute rheumatic arthritis. The recent study of Coburn (12) would indicate that hemorrhage is characteristic of the acute phases of rheumatic fever. He describes nine cases examined early after the onset of an acute attack of rheumatic fever and notes the frequent occurrence of hemorrhages. He states, "In all the patients dying during marked activity of the rheumatic process, hemorrhagic lesions were widespread."
In cases of sepsis, hemorrhagic n~nifestations are of course common, but as pointed out by Coburn (12) the hemorrhages of rheumatic fever cannot be assigned to sepsis. A scorbutic factor in rheumatic fever would appear to offer a satisfactory explanation for the hemorrhagic manifestations.
Similarity of the Fundamental Pathology in Scurvy and A cute Rheumatic Fever
As has been previously indicated (2) basic lesions of scurvy and rheumatic fever have certain fundamental similarities.
The work of Aschoff and Koch (13), HSjer (8) , and Wolbach and Howe (14) has demonstrated that the scorbutic animal is unable to form normal intercellular substances, which, of course, includes collagen. H6jer has emphasized the occurrence of degenerated or imperfectly formed collagen even in early and relatively mild degrees of scurvy. He considers that there is a stage in which the scorbutic animal, though unable to form a normal collagen, can elaborate an imperfect cement substance. The fibrinoid swelling of collagen which Klinge (4) holds to be the basic lesion in rheumatic fever would appear to represent a related degeneration or imperfect formation of collagen. Klinge has emphasized the widespread occurrence of this lesion in rheumatic fever. He considers it to be the initial and characteristic lesion of rheumatic fever occurring particularly in the heart valves, heart muscle, articular and periarticular tissues. The Aschoff reaction is a peculiar cellular response to this degenerative substance. We have noted (2) the occurrence of a degenerative change of this type in the heart valves. In one instance areas of similar degeneration were seen in the epicardial tissue adjacent to the heart muscle. This lesion is shown in Fig. 12 , a. Lesions which are apparently identical with Klinge's fibrinoid degeneration appear to be the most characteristic changes occurring in the articular and perlarticular tissues of animals subjected to chronic scurvy and more particularly those in which infection is combined with such a scurvy.
DISCUSSION
Experimental Attempts to Reproduce Rheumatic Fever.--Attempts to reproduce experimentally the lesions of rheumatic fever have proved disappointing. Gross, Loewe, and Eliasoph (15) have recently reviewed this subject and attempted themselves to reproduce the disease by injecting different strains of streptococci under a variety of experimental conditions in a number of different species of animals. They concluded that not only were they unable to reproduce the disease but that the same could be said of the attempts of previous investigators. In general, most of the reported experiments involved intravenous inoculations with large doses of streptococci isolated in one way or another from cases of rheumatic fever. Lesions when produced experimentally in the heart valves corresponded more closely to those of bacterial endocarditis than to the unique lesions of rheumatic endocarditis. The joint pathology, The Aschoff reaction, or the subcutaneous nodules were not adequately reproduced. Klinge (16) and Vaubel (17) have more recently induced experimentally, pathologic changes bearing certain resemblance to those of rheumatic fever by repeated inoculations with foreign proteins.
The lesions produced by subjecting the guinea pig to the combined insult of scurvy and infection are considered by us to be fundamentally similar in character and distribution to those of rheumatic fever. This naturally suggests that some such relationship holds in man. Obviously, outspoken scurvy is not present in rheumatic fever. It would appear more probable that a subclinical or latent scurvy may form a background in which the added insult of infection precipitates rheumatic fever2 Although other factors would not appear necessary, such a concept does not deny the possible influence of intrinsic factors as hypersensitivity, or extrinsic environmental influences as dampness and cold.
The strongly suggestive experimental data naturally led to an analysis of the epidemiology of rheumatic fever to determine if it contained any evidence pointing toward a relationship between scurvy and rheumatic fever.
The epidemiology of rheumatic fever has long presented a challenge to the medical profession. Certain peculiarities of the disease, notably the social incidence, the seasonal incidence, and the geographical distribution, have awaited a satisfactory explanation. The studies of Swift (18), Paul (19) , Poynton and Schlesinger (20) , and Cobum (21) afford excellent sources of epidemiologic data on rheumatic fever.
Because of the close relationship known to exist between rheumatic fever and chronic infectious or rheumatoid arthritis it is believed that scurvy may play a r61e in this condition. Social and Urban Incidence.--It is a well recognized fact that rheumatic fever is predominantly a disease of the poor. Campbell and Warner (23) state that rheumatic disease is the most crippling affection of the children of the poor. Swift (24) notes that statistics show obvious rheumatic fever is fifteen to twenty times more frequent in the laboring classes than in those forming the bulk of private practice. The greatest incidence is among the poor of elementary school age living in the cities. One need only consider the notoriously ill advised diet of the poorer children of metropolitan areas such as New York and London to realize that malnutrition and probably latent scurvy might occur under such circumstances.
The Existence of Latent Scurvy.--The problem of the existence and incidence of latent scurvy has not yet received the attention it deserves. There are a number of reports of groups of cases of mild scurvy in the literature which will be cited subsequently. More recently there have been fundamental researches directed at the problem. Gbthlin (25) using the reduced capillary strength as an index of latent scurvy found evidence of vitamin C undernourishment in about 18 per cent of the school children (between 11 and 14 years) in the province of Uppland (Sweden) during the months of April and May. In a subsequent study in the district of Norrbotten, north of the arctic circle, Falk, Gedda, and Gbthlin (26) revealed a similar incidence of latent scurvy in presumably healthy children. Dalldorf (27) , also using capillary resistance tests as a criterion, considers that mild degrees of vitamin C deficiency may constitute a problem of considerable public health importance. In a study of a group of children from poor homes in the State of New York he found an incidence of subclinical scurvy ranging from 35 to 65 per cent as estimated from capillary resistance dermlnations.
Such studies we consider of fundamental importance. The findings lend much support to the concept that scurvy may bear a relationship to rheumatic fever.
Age Inddence.--The age of onset of acute rheumatic fever is in the vast majority of cases under 15 years, as pointed out by Wilson, Lingg, and Croxford (28). Poynton (29) placed the average age of onset at 7 years and Coombs (30) at 10 years. This is a period of active growth in which the nutritional requirements are great. It has been recently shown (25) that children of elementary school age (5 to 14 years) require approximately two times more vitamin C intake per kilo for the prevention of latent scurvy than do adults. It would appear then that this would probably be the age of greatest incidence of subclinical or latent scurvy.
Seasonal Incidence.--Suggestive evidence of a probable relation of latent scurvy and rheumatic fever is present in the concurrent seasonal incidence of the two conditions. All authors are agreed that the greatest incidence of rheumatic fever in this country is in the late winter and early spring. Campbell and Warner (23) point out that the maximum number of cases occur in England between November and April. This is the season following a period of diminished availability of fresh fruits and vegetables in which the greatest incidence of scurvy, either latent or manifest, would be expected to occur; This would be particularly true for poor people living in the cities. Falk, Gedda, and GSthlin (26) have pointed out that any reduction of the capillary strength (evidence of latent scurvy) is more likely to occur in the spring (April). In this connection it is of interest to note that Hart, Steenbock, and Ellis (31) have shown that the vitamin C content of winter milk (due to dry feed) was much inferior to summer milk. Dutcher et al. (32) found that 20 cc. of summer milk was superior in antiscorbutic properties to 60 cc. of winter milk. Considering the importance of milk in the dietary of children the finding would appear to be of considerable significance.
The Geographic Distribulion.--The geographical distribution of rheumatic fever presents a fascinating problem. It has been maintained by Clarke (33) that rheumatic fever is non-existent in the true tropics. Seegal and Seegal (34) in a study of the geographic distribution of rheumatic fever in Canada and the United States showed that its incidence diminished as the tropics are approached. Clarke looked in the true tropics for rheumatic fever and did not find one case in more than 30 years. In contacts with about 150,000 patients he did not encounter a single case of rheumatic fever, mitral stenosis, or chorea. He quotes Sir Leonard Rogers (35) who writes that of 4,800 postmortem examinations in Calcutta only one case of rheumatic carditis was found in 37 years. Of India Sir Leonard Rogers (36) further states, "Heart diseases were half as common as in London and rheumatic endocarditis was quite absent, although streptococcal infections were otherwise as frequent." Indeed Clarke makes a strong case for the non-existence of rheumatic fever in the tropics. Whether or not one agrees with this extreme view, all are agreed that rheumatic fever is extremely rare in the tropics. Scurvy is rare in the tropics except under unsatisfactory conditions as those that sometimes prevail in labor camps or m~litary campaigns. Rogers and Megaw (37) note that most of the dietaries of the tropics are quite well supplied with antiscorbutic substances except under such unusual circumstances. Indeed, if one analyzes the dietary of the various sections of the tropics one finds evidence that would render the occurrence of scurvy under ordinary circumstances extremely improbable. In the Dutch East Indies, the Malay Peninsula, and Central and South America the large amounts of fruits consumed probably prevent scurvy. In China and India it is usual to consume considerable amounts of green leafy vegetables including many of the cabbage variety known to be rich sources of vitamin C. The vegetables are, as a rule, subjected to very short cooking. This would preserve their antiscorbutic potency. Moderate amounts of milk products are also consumed. In the dry tropics, including North Africa, Southern Europe, Syria, Turkey, Arabia, and Central India, dairy foods form the dietary staple. They are consumed in large amounts, are not pasteurized, and the producing animals graze on pasture lands, s Natural dairy foods in sufficient amounts are effective antiscorbutics. Recently Van Breeman (38) has reported the remarkable fact that the number of cases of rheumatic fever both in children and adults is comparatively small in Holland. Also cases of the closely allied rheumatoid arthritis are comparatively rare. It is interesting to speculate upon what influence dietary habits might have upon this. The importance of truck gardening and the dairy industry would suggest that the diet in this country would be more than usually adequate in vitamin C-containing foods.
Symptomatological Similarities of Latent Scurvy and Prerheumatic or Early
Rheumatic State.--Symptoms of latent scurvy listed by OhneU (39) are fatigue, mental depression, a feeling of oppression, dry skin, and perhaps anemia. Meulengracht (40) adds to the list irritability, palpitation, and loss of appetite. Friderichsen (41) describes a prescorbutic myopathy occurring in children which may simulate subacute rheumatism. Vining (22) in describing the prerheumatic child emphasizes the debility, diminished weight, loss of appetite, nervousness, pain in the limbs, headaches, and gastrointestinal disturbances. Coombs (42) describes the earliest symptoms of rheumatic fever as constitutional and characterized by loss of appetite, loss of weight, a vague seediness, and increasing pallor. Lewis (43) states that the children feel poorly, exhibit a loss of appetite, fatiguability, pallor, loss of weight, and frequently complain of pains in the limbs and chest. Miller's (44) descriptions are in agreement. We find then, general undernutrition, fatigue, loss of appetite, loss of weight, myopathy, nervousness, and anemia as symptoms common to both latent scurvy and the prerheumatic or early rheumatic state. The most accurate single index for the recognition of latent scurvy appears to be an estimation of the capillary resistance. A diminished resistance is characteristic of latent scurvy. A diminished resistance has been recorded by Stephan (45) and by Wiemer (46) in acute polyarthritis. This Wiemer considered to be due to the damaging effect of a toxin on the endothelium. A basic condition of latent scurvy in the rheumatic state would appear to offer a more satisfactory explanation.
R~le of Infection in Rheumatic
Fever.--There can be no reasonable doubt that infection plays an important r61e in rheumatic fever. The frequent occurrence of tonsillitis, sinusitis, and other upper respiratory infections preceding the onset of rheumatic fever is well known. Streptococci have been implicated by a great number of observers. Reference may be made to the Pickett-Thomson Research Laboratory report (47) for a historical survey of the bacteriological researches in rheumatic fever. Summaries of the bacteriological observations on rheumatic fever are also available in the reviews of Swift (18) (21) have brought into prominence the possible relation of acute upper respiratory infections caused by hemolytic streptococci to the development of rheumatic fever. All of the evidence points to a factor of infection in the genesis of rheumatic fever. The bacteriological findings, though implicating streptococci in general, show a lack of uniformity in types or strains. If, as the experimental data would appear to indicate, the scorbutic state is an important factor in the genesis of the lesions, a type-or strain-specific infection would seem unnecessary. Coburn stresses the variety of consequences resulting from implantation of the hemolytic streptococcus in the pharynx. Only in a small minority is local infection foUowed by the rheumatic state. The implication is clear, as others have noted, that a factor other than infection must play a dominant r61e. It is the concept of the authors supported by experimental, epidemiological, and clinical data that this other factor is a state of vitamin C malnutrition or latent scurvy. It would appear that two factors, one of infection and the other a state of latent scurvy are necessary for the development of rheumatic fever. If one thinks of the disease as a result of the two factors it can readily be seen that a mild scurvy with a severe infection or a more severe scurvy with a mild infection might produce a similar picture. The resulting disease would be the multiple effect of the two factors. An explanation would appear to be afforded for the known wide variability in severity. The definite diminution in the severity of rheumatic fever observed in the past 20 years could be explained on the basis of the known improvement in dietary habits that has come with our increased knowledge of nutrition. If the concept presented is correct, control would depend upon maintaining a high vitamin C nutritional status, and diminishing exposure to infection or eradicating established infections. 9 g It is interesting to consider that the amelioration of the disease that has been observed in cases transported to Porto Rico (21) might be due to a combination of the two beneficial effects.
SUMMARY
In the guinea pig, chronic scurvy with superimposed infection (beta streptococcus) and to a lesser extent chronic scurvy alone, produces an arthropathy with striking pathologic similarities to that of rheumatic fever and the closely allied condition of rheumatoid arthritis. Considerable significance is attached to the widespread occurrence in the experimcntal animal subjected to scurvy and infection, and to a lesser extent in scurvy alone, of lesions similar to if not identical with the fibfinoid degeneration which has been considered the fundamental lesion of rheumatic fever. A subcutaneous nodule essentially similar to the subcutaneous nodules of rheumatic fever was observed in one experimental animal.
Attention is called to a group of general pathologic changes frequently observed in rheumatic fever which were also found in the experimental animals subjected to scurvy and infection. These include degenerative changes in skeletal muscle, focal necrosis in the liver, fibrosis of the Malpighian bodies in the spleen, erythrophagocytosis in the lymph nodes, and focal lymphocytic accumulations in the kidneys.
The problem of hemorrhage is considered. It is suggested that a scorbutic state may be the basis of the hemorrhagic manifestations common to the acute phases of rheumatic fever.
The unsatisfactory nature of previous experimental attempts to reproduce the pathology of rheumatic fever is noted. The lesions produced by subjecting the guinea pig to the combined influence of scurvy and infection are considered to be fundamentally similar in character and distribution to those of rheumatic fever. The pathologic observations recorded in this and a previous publication (2) are believed to offer evidence that the disease known as rheumatic fever may be the result of the combined influence of scurvy and infection. It is suggested that a subclinical degree of scurvy may constitute the rheumatic tendency in which the added factor of infection causes the development of rheumatic fever or possibly the closely allied condition of rheumatoid arthritis.
Epidemiological and clinical considerations appear to afford supportive evidence to this concept.
The authors wish to acknowledge the assistance of Miss Bernice Eddy in the bacteriological work.
EXPLANATION OF PLATES
All of the sections were stained with hematoxylin and eosin. Fro. 12, c. Part of the subcutaneous nodule illustrated in Fig. 9 . Portions of the collagen take a brilliant eosinophilic stain resembling that of fibrin or hemoglobin. ×225.
